Copeptin (Cop) has been recently proposed as a reliable marker for the diagnosis of acute coronary syndrome, altough its concentration was found to increase in a variety of other severe clinical conditions. The aim of the present study was to assess the utility of Cop to identify high-risk patients in the emergency room (ER). Eighty-five patients admitted to ER of the San Maurizio Regional Hospital of Bolzano between February to March 2010 with epigastric or chest pain and/or discomfort were included in the study. Blood was drawn at admission and sampled for Cop in standard laboratory tests. Cop levels were significantly higher in patients who died at the hospital or shortly afterwards as compared with survivors (median 61 vs 40.6 pmol/L; P=0.014). Cop levels were also higher in patients with severe health problems (62.9 vs 28.3 pmol/L; P<0.0001). The area under the receiver-operating characteristic curve of Cop was 0.70 for in-hospital death [95% confidence interval (CI) 0.53-0.86], 0.74 for acute and subacute death (95% CI 0.61-0.87) and 0.90 for prediction of severe acute illness (95% CI 0.84-0.97). Accordingly, a Cop level >33.1 pmol/L correctly identified in-hospital death with 71% sensitivity and 74% specificity. A Cop level >13.6 pmol/L was instead associated with 89% sensitivity and 80% specificity for identifying patients with acute and severe conditions. The results of our analysis would suggest that the use of Cop may be a valuable aid in the ER for identifying patients with life-threatening conditions.
Introduction
Copeptin (Cop) has been recently proposed as a reliable marker to be used in combination with cardiac troponins I or T (i.e. cTnI or cTnT, respectively) as an aid in early diagnosis of acute coronary syndrome (ACS). In fact the improved diagnostic accuracy of this association has been reliably demonstrated in several studies. [1] [2] [3] Copeptin (i.e. the C-terminal part of the vasopressin prohormone) is a high non-specific marker for myocardial damage, whilst it simpy behaves as an index of hyperactivation of the hypothalamo-pituitary-adrenal axis, thus correlating with individual stress levels. Copeptin is secreted stoichiometrically with arginine-vasopressine and its release is regulated by hyperosmolality, hypovolemia, hypotension, hipotalamic osmoreceptors and angiotensin II. 4 The concentration of Cop has been found to be increased in several high risk pathologies such as heart failure, [5] [6] [7] septic shock, 8, 9 stroke, 10 pneumonia 11 or after resuscitation from a cardiac arrest, 12 in which conditions it appear to be a reliable prognostic marker. Copeptin was found to accurately mirror disease severity and to discriminate patients with unfavorable outcomes from those with favorable outcome. 13 Therefore, Cop may be used as a good prognostic index to predict outcome in acute illness. 13 The purpose of the present study was to test the utility of Cop assessment in the emergency room (ER) for identifying high-risk patients.
Materials and Methods

Study population
Eighty-five patients admitted to the ER of San Maurizio Regional Hospital of Bolzano between February and March 2010 with epigastric or chest pain or discomfort were included in this study. No exclusion criteria were used in order to enrol an unbiased population that would reflect the typical setting of an ER. Blood was drawn at admission by experienced nurses. At the same time of sampling for Cop, blood was sent for standard laboratory test and for measurement of both cTnI and myoglobin, as for usual internal protocol.
Cop samples were stored at -40°C and analyzed within 45 days in a single session in order to avoid calibration influences, so that Cop concentration was blinded at the time of patients management.
The research was conducted in compliance with the Helsinki declaration. The patients gave their consent to the analysis of Cop and were informed that the clinical management would have been blinded from Cop concentration. Since Cop analysis did not affect the clinical decision making and was performed on blood after all request testing had been performed, approval from ethical committee was deemed unnecessary.
Patients, included those directly discharged from the ER, were further classified as having a severe health problem (Group 1) or not (Group 2), according to the type of diagnosis and treatment. Acute illness was considered severe when shortly conducting to death, requiring a surgical act, intensive care or a prolonged hospital stay (i.e. >4 days). Patients were considered at low risk if directly discharged from the ER or quickly (<4 days) from the hospital wards or being suffering from a benign pathology accordingly to two independent observers.
Laboratory methods
The concentration of cTnI was measured with a double side (sandwich) chemiluminescent immunoenzymatic assay (Access AccuTnI; Beckman Coulter Inc., Brea, CA, USA) on the analyser Access 2 (Beckman Coulter Inc.) according to manufacturer's instructions. Although the detection limit of this assay is 0.01 ng/mL and the 99 th percentile in an apparently healthy reference population is reported to be 0.04 ng/mL, the analysis for this study was planned at a decision limit of 0.06 ng/mL, which corresponds at the 10% total coefficient of variation (CV) of this immunoassay, as currently recommended. 14 For cTnI and Cop measurements venous blood samples were collected into siliconised vacuum tubes containing lithium heparin (Terumo Europe N.V., Leuven, Belgium) and centrifuged at room temperature at 1500 xg for Copeptin levels below the detection limit were labeled as low from the automatic response and were thereby computed as 4.8 pmol/L in statistical analysis, which corresponds to the detection limit reported by manufacture.
Statistical analysis
Data were analyzed using Microsoft Excel ® version and the statistical program, Analyse-it for Microsoft Excel ® . Mean, median, standard deviation and interquartile range (IQR) were calculated for continuous variables. After testing the correlation between Cop and death or severe health problems by Spearman rank correlation test, agreement between the parameters showing significant correlation was analyzed using Passing and Bablok regression method. The Cusum test for linearity was used to assess the kind of relationship between them. P values <0.05 were considered statistically significant.
Variables were tested for normal distribution with the Shapiro Wilk W test. Significance of differences and frequency distribution of values between the groups were assessed by the Mann-Whitney test for continuous variables. The receiver operating characteristic (ROC) curves for prediction of death and severe health problems were calculated.
A further analysis was conducted by splitting the entire patient group into 4 quartiles, based on Cop levels and checking the different incidence of the variables mortality, mortality within 4 months, as well as severe health problem between the quartiles. Repeated analysis of variance (ANOVA) was performed to test differences between the four groups (quartiles) for continuous variables and the Chi-square test was used for categorical variables. Results were finally expressed as median and IQR.
Results
A total number of 85 patients was included in the study. Median age was 75.9 (IQR 53.0-83.7) years; 46 (54.1%) of the patients were men and 39 (45.9%) women. Baseline characteristics of the study population are reported in Table 1 During the hospital stay, 6 other patients died, so that the overall number of in-hospital death was 7 (i.e. 8%). Patients who died had a mean copeptin level of 58.3 pmol/L compared to 41.6 pmol/L in survivors (not significant). Three other patients died within 4 months after hospital discharge, due to progression of the initial pathology (i.e. 2 end stage heart failure and 1 end stage renal failure), which caused the initial ER visit.
Copeptin levels in the whole population of deceased patients (acute and sub acute; globally 10 patients) was 61 pmol/L, being statistically significant when compared to long surviving patients (40.6 pmol/L; P=0.014).
Thirty six of the ER patients were considered as critically ill (42.3%), while 49 were not (57.6%). Cop level in the former group (i.e. Group 1) was 62.9 vs 28.3 pmol/L in the noncritical group (Group 2; P<0.0001). Type I myocardial infarction 15 was diagnosed in one patient only. A complete list of the main diagnoses at discharge is shown in Table 2 .
Copeptin did not show a significant correlation with in-hospital death, while it was significantly associated to death within 4 months (P=0.0131; 95 CI 0.06-0.46) and severe health problems (P<0.0001; CI 0.57-0.79).
Copeptin concentration exhibited a direct non-linear relationship with age (P<0.01), myoglobin (P<0.05), cTnI (P<0.01), plasma glucose at ER admission (P<0.01) and plasma creatinine (P<0.01), while displaying an inverse non-linear relationship with glomerular filtration rate (GFR), calculated according to the standard modification of diet in renal disease (MDRD) equation (P<0.01).
As regards the diagnostic accuracy of Cop, the composite score for sensitivity and specificity [i.e. area under the curve (AUC)], determined by ROC curve analysis for prediction of death, death in the following 4 months or severe acute illness are shown in Figures 1, 2  and 3 respectively.
Interestingly, ROC curve analysis for prediction of death by admission value of Cop displayed an AUC of 0.70 (95% CI 0.53-0.86; P=0.009), thereby suggesting a statistically significant model, which may be useful in the ER. At the cut-off value of 33.1 pmol/L, sensitivity and specificity were 71 and 74%, respectively. ROC curve analysis for prediction of death in the following 4 months, due to acute problems or progression of end stage pathologies, showed an AUC of 0.74 (95% CI, 0.61-0.87; P=0.002) for by Cop concentration on admission. At cut-off value of 33.1 pmol/L, sensitivity and specificity were 75 and 70%, respectively. The ROC curve analysis for prediction of severe acute illness showed an AUC of 0.90 (95% CI, 0.84-0.97; P<0.0001) for Cop on admission, which is also suggestive of a statistically significant, clinical useful model (e.g. at a cut-off value of 13.6 pmol/L, the sensitivity and specificity were 89 and 80%, respectively).
Article
Patients in different quartiles of Cop were compared according to baseline characteristics and outcome. Patients in the highest quartile were older, had a higher value of plasma glucose and creatinine level, and a lower GFR. The rate of death, and death within 4 months was higher in the third and forth quartiles, as was the prevalence of severe health conditions. The results of quartile analysis are shown in Table 3 .
Discussion
Copeptin has been extensively investigated in patients with cardiac injury and impairment of heart function, and has also been recently proposed as a reliable biomarker for the rule out of AMI in combination with cardiac troponins. Considering the fact that Cop is not specific for cardiac problems, the present study was designed to investigate the role of copeptin in the diagnosis of particularly severe health conditions, in patients acutely admitted to the ER. Our results clearly attest that Cop concentration is remarkably increased in patients at high risk of severe outcomes and/or death. A cut off level of 13.6 pmol/L had a good prognostic value, exhibiting a remarkable AUC of 0.90 for severe problems.
This threshold closely mirrors that suggested for the rule out of ACS in previous investigations. These results prompt us to suggest that Cop may be a valuable biomarker for improving the prognostication of patients in the ER and may thereby be used for stratification of risk, guiding the clinical decision making, optimizing the therapeutic management of the single patients, and ultimately optimizing the use of healthcare resources. This is particularly important in the ER, wherein simple and economical biomarkers are urgently needed to prevent or limit overcrowding. 16 Still, it is important to mention here that the interpretation of Cop results must always be evaluated in the context of a careful clinical assessment, since its concentration may be increased for in a variety of clinical conditions. The emergency setting seems to be the ideal place where the measurement of Cop might provide information for risk stratification in all different types of acute illnesses, wherein the use of biomarkers may aid the prognostic assessment.
Conclusions
The results of our study suggest that Cop may be a useful biomarker in the ER, not only for early diagnosis of ACS, but also for identifying those clinical conditions that mostly jeopardize patient's health. Furthermore, Cop has showed a good prognostic power regarding death. Further studies are needed to confirm our observation in a larger sample of patients. 
